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ABSTRACT
Malaria infection during pregnancy can cause accumulation of infected red blood cells in placental inter -
villous space and induces placental tissue inflammation and hypoxia. This condition triggers endoglin expression
and release of soluble endoglin that can interfere TGF- β binding with the receptor. The aim of this study was to
investigate the correlation between placental endoglin expression and TGF-β level with low fetal weight (LFW) in
malaria-infected  mice.  Nine pregnant  mice  infected  with  Plasmodium berghei on the day ninth post  mating
(malaria-infected group) and eight normal pregnant mice (non-infected group) were used in this study. The mice
were sacrificed on the day 18th post mating, and all fetal body weights were measured by analytical scale. Enzyme
Link Immunosorbent Assay (ELISA) was done to determine the level of placental TGF-β while immunohisto-
chemical staining was performed to examine endoglin expression in placental tissue. The mean of fetal body
weights of malaria-infected group was significantly lower than non-infected group (p= 0,002),  while the expres -
sion of placental endoglin in malaria- infected group was substantially higher than non-infected group (p= 0.003).
The level of placental TGF-β in malaria-infected group was also considerably higher than non-infected group, but
the difference was not significant (p= 0.064). Pearson correlation test showed that there were significant negative
correlations between fetal body weights with the level of placental TGF-β (p= 0.017, r= -0.568) and the expression
of placental endoglin (p= 0.002, r= -0.694). Malaria infection in pregnant mice will increase both TGF-β and en-
doglin in placenta tissue and correlate with low fetal weight.
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Malaria is one of the most common infectious dis-
eases related to death in the world,  especially in the
tropical area. It is estimated affects between 350 to 500
million people annually and accounts for 1 to 3 million
deaths per year. Twenty-five million pregnant women
are currently at risk for malaria and accounts for over
10,000 maternal and 200,000 neonatal deaths per year.
More than 90% of them are living in the Sub-Saharan
Africa and may contribute to almost 25% of maternal
mortality [1,2]. Malaria in pregnancy also contributes
to  significant  perinatal  morbidity  and  mortality.
Infection is known to cause higher rates of miscarriage,
intrauterine  demise,  premature  delivery,  low-birth-
weight neonates, and neonatal death [1]. 
The  presence  of  Plasmodium in  red  blood  cells
(RBCs) will result in the attachment and accumulation
or sequestration of infected RBCs at the placenta that
is commonly known as placental malaria. It may cause
placental  inflammation,  dysregulation of  angiogenesis
factor and damage to the placenta. All of those are the
process  responsible  for  decreasing  nutrients  and
oxygen supply from the mother to fetus. This hypoxia
conditions  lead  to  inhibition  of  fetal  growth  and
resulting in a low birth weight [3]. As a body response
to compensate the lack of blood flow, a trigger of the
angiogenesis process begins and involves pro and anti-
angiogenic  factor.  One  of  the  pro-angiogenic  factors
that plays an important role is endoglin (Eng) [4].
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Endoglin  is  upregulated  during  angiogenesis  [5]
and  modulates  TGF-β signaling  by  interacting  with
TGF-β receptors  types I  and II  [6].  This  function is
rather  different  with  the  soluble  form  of  endoglin
(sEng) that binds directly to TGF-β and limits TGF-β
bioavailability to its receptor. As a result, both of these
conditions inhibit regulation of TGF-β [7]. It has been
known  that  increased  circulating  sEng  levels  are
associated  with  P.  falciparum infection  in  pregnancy
and  fetal  growth  restriction  in  primigravidae  with
placental malaria [8]. 
Study Design 
The design of this study was an experimental study,
conducted at the Laboratory of Parasitology and Labo-
ratory of Biomedical,  Faculty of Medicine, University
of Brawijaya Malang. This study had been approved by
the Ethical Committee of Health Research Faculty of
Medicine University of Brawijaya (No. 104/EC/KEPK).
Animal model
Fifty  female  Balb/c  mice  aged  13-16  weeks  that
were obtained from the Animal Experimental Develop-
ment Unit, University of Gadjah Mada, were used as
an animal model. 
Oestrus phase of the mice was synchronized by uti-
lizing the Leeboot, Pheromone and Whitten effects. Af-
terward,  the  mice  were  simultaneously  paired  mated
within one night [9] and were divided into two groups.
On day ninth post mating (estimated to be the last first
trimester of gestation), mice from one group were in-
traperitoneally infected with  Plasmodium berghei and
used as malaria-infected group and the other one  was
used for non-infected group. 
Infection  of  Plasmodium  berghei  ANKA  strain  to
pregnant mice
Pellet  of  erythrocytes  infected  with  Plasmodium
berghei ANKA strain obtained from the storage of liq-
uid nitrogen tank (-135ºC temperature) at the Labora-
tory of Biomedical, Faculty of Medicine, University of
Brawijaya was thawed and centrifuged at 2000 rpm for
5 minutes  and then washed twice in RPMI medium
and diluted as needed to be injected intraperitoneally
into three donor mice. Parasitemia level of donor mice
was followed up and measured from the preparation of
thin blood smears taken from the tail tip and stained
with Giemsa.  Number of parasites  were counted per
1000 erythrocytes using a light microscope under 100x
objective magnification. When the parasitemia reached
above 15% (about 3-4 days after infection), meant that
the mouse had been available to be used as donor of
malaria  infections.  Infection  of  malaria  into  the
malaria-infected  group  was  done  by  injecting  of
1x106/ml  Plasmodium  berghei  ANKA  strain  (first
passage)  intraperitoneally  on  the  day  ninth  post
mating.
Measuring degree of parasitemia 
The  degrees  of  parasitemia  of  malaria-infected
group  were  measured  by  examining  slides  of  thin
blood smear taken from mouse’s tail tip and stained
with Giemsa under light microscope with 100x objec-
tive  magnification  by  two different  and  independent
observers. Number of infected red blood cells (RBCs)
were counted per 1000 RBCs. 
Isolation of placental tissue and fetus
On  the  day  18th  post  mating,  mice  from  the
malaria-infected  group  and  non-infected  group  were
sacrificed  under  anesthesia  of  chloroform,  and   dis-
sected by opening the abdominal wall to take the fetus
and placental tissues. The fetus was weighted individu-
ally using analytical balance Mettler AE 50 while the
placenta were separated individually and divided into
two parts for measuring the level of placental TGF-β
and immunohistochemistry analysis.
.
Isolation and Measuring level of placental TGF-β
Placental TGF-β were isolated from placenta tissue
using  modification  of  Qin  [10]   and  Wang  [11]
method. Briefly placental tissues of each mouse were
homogenized with 0.1m Tris-buffered saline (pH 7.4)
containing 0.5% Triton X-100 and one tablet of Com-
plete Mini protease inhibitor (Roche Diagnostics, Indi-
anapolis,  IN).  Afterward,  they  were  centrifuged  at
15,000 rpm for 30 minutes  and the supernatant was
collected  and  protein  concentration  was  measured.
They then were kept at -80°C until used for ELISA as-
say. 
Levels  of  placental  TGF-β was  measured  using
Quantikine ELISA Kit (Enzyme Immuno Assay) Inc. 1
plate from R&D Systems, Catalog MB100B. Assay pro-
cedure  was conducted as  described according to kit-
protocol. 
Immunohistochemistry of Placental Endoglin
After  deparaffinized,  the  slides  were  washed with
Phosphate Buffer Saline (PBS) three times, dried and
poured with H2O2 3% in methanol  and then incu-
bated for 15-20 minutes at room temperature. Antigen
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retrieval  (AR)  process  used  Heat-induced  epitope
retrieval  (HIER) and was conducted by heating in a
water bath at 95°C for 20 minutes in citrate buffer pH
0.6.  Blocking protein was done by dropping triton-x
100 0.25% in blocking buffer Bovine Serum Albumin
(BSA)  over  1  hour  at  room  temperature  and  then
washed using PBS. The next step, slides were dropped
with  primary  antibody,  Monoclonal  Mouse  Anti-
Endoglin  antibody,  from  EMD  Millipore  (primary
antibody:  Fetal  Bovine  Serum (FBS) 5% = 1:100) in
blocking  buffer  BSA  and  incubated  one  night  at
temperature 4°C. Next day, slides were washed using
PBS and then incubated with secondary antibody anti-
IgG  rabbit  anti-mouse  over  60  minutes  at  room
temperature, then was followed by washing with PBS.
The next step, slides were dropped using Streptavidin-
Horseradish Peroxidase (SA-HRP) in sterile PBS 1:500,
incubated  40  minutes  at  room temperature,  washed
with  PBS and washed again  with  sterile  water  three
times.  Chromogen  Diaminobenzidine  (DAB)  (1:50)
was added to all  sample slides and incubated for 30
minutes at room temperature, and then washed with
sterile  PBS.  Finally,  slides  were  counterstained  with
Mayer hematoxylin,  incubated 5-10 minutes at  room
temperature and washed with sterile  tap water three
times. 
Observation and counting the number of endoglin
expression in  placental  tissue  was  done by  counting
trophoblast  cells  that  express  brown  color  on  the
membrane  of  the  cells.  Counting  was  done  by
observing the number of positive cell in 1000 cell with
40x objective magnificient using light microscope. 
Data analysis
Data analysis  was performed using SPSS 16 with
Kruskal-Wallis  test,  Independent  T-test,  and Pearson
correlation test with α<0.05.
There were only 17 mice that got pregnant from 50
pairs of mated mice, nine pregnant mice as malaria-
infected  group and 8 mice  as  non-infected  group.  It
means that the pregnancy rate of these mice were only
34 %.
Fetal body weight
Statistical  analysis  was  conducted  using  indepen-
dent T-test after normality test (Kolmogorov-Smirnov;
p infected group= 0.200, p non-infected group= 0.200).
The fetal body weights of both groups are presented in
figure 1A. The fetal body weight of the infected group
was significantly lower than the non-infected group  (p
= 0.002, independent T-test). 
The level of placental TGF-β 
Figure  1B shows the level  of  placental  TGF-β of
both groups (Kolmogorov-Smirnov; p infected group=
0.192, p non-infected group= 0.062). Although the level
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Figure 1.  A. Comparison of the mean of fetal body weight of malaria-infected group and non-infected group (p=0.002). Malaria-
infected  group:  pregnant  mice  with  Plasmodium  berghei  infection;  non-infected  group:  pregnant  mice  without  
Plasmodium berghei infection,  B.  Comparison of the average levels of placental TGF-β of malaria-infected group and 
non-infected group (p=0.064). Malaria-infected group: pregnant mice with Plasmodium berghei  infection; non-infected 
group: pregnant mice without Plasmodium berghei infection.
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of  placental  TGF-β in  the  malaria-infected  group
seemed to be higher than non=infected group but there
was no significant difference between them (p= 0.064,
independent T-test). 
The expression of placental endoglin
Figure 2 shows the result of immunohistochemistry
examination. The expression of placental endoglin of
infected group was significantly higher than the mean
of placental endoglin expression of non-infected group
(Figure  3,  Kolmogorov-Smirnov,  p  infected  group=
0.200, p non-infected group= 0.200; Independent T-test
p= 0.003).
Correlation between variables
     Pearson correlation test was conducted to know the
relationship between variables.  Figure 4A shows that
there is a significant negative correlation between pla-
cental TGF-β with fetal weight (p= 0.017; r= -0.568).
Figure 4B shows that there is also an important nega-
tive correlation between the expression of placental en-
doglin with fetal body weight (p= 0.002 r= -0.694). 
Placental malaria correlate with low fetal weight
 The fetal weights in non-infected group were sig-
nificantly higher than malaria-infected group. This re-
sult  is  consistent  with previous studies  conducted in
which the fetal body weight of mice with Plasmodium
infection were lower as compared to fetal mice without
infection [12, 13].
In  placental  malaria,  the  event  of  low fetal  body
weight can be mediated by infiltration of  monocytes
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Figure 3. Comparison of the mean expression of placental endoglin of malaria-infected group and non-infected group (p= 0.003). 
Malaria-infected group: pregnant mice with Plasmodium berghei infection; non-infected group: pregnant mice without 
Plasmodium berghei infection.
   
   A B
Figure 2. Expression id placntal endoglin in: A.. non-infected group, and B. malaria infected group. Arrows show trophoblast cells 
which express endoglin (brown color on membrane of the cell). Malaria infected group showed higher expression in  
placenta endoglin compare to non-infected group. Samples were observed under light microscope with 40x objective  
magnification.
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[14] and also by inflammation that occur in the inter-
villous space of the placenta [15]. Inflammation of the
placenta will cause damage to the microvilli  that will
result in necrosis [16]. Damage to the placenta stimu-
lates proliferation of cytotrophoblast that will lead to
thickening  of  the  cytotrophoblast  membrane  [17].
Transfer of nutrients and oxygen from maternal to fe-
tal will deteriorate due to the mechanical block and in-
flammatory cells [18]. 
Placental TGF-β did not indicate any significant differ-
ences but correlate with fetal body weight
The level of TGF-β in malaria-infected group was
higher than non-infected group but did not show any
significant difference. These results are similar to the
previous research conducted by Lyall et. al. [19], that
showed the levels of placental TGF-β1 in healthy preg-
nancy, pre-eclampsia and in pregnant women with fe-
tal growth restriction complication without hyperten-
sion,  achieved  peak  level  at  first  trimester,  while  at
third trimester, the levels of TGF-β1 did not show any
significant differences among the groups. Low levels of
TGF-β1  is  associated  with  the  completion  of  tro-
phoblast cell invasion into the uterus and the end of
placenta growth [19]. According to this condition, the
results of TGF-β1 level in the case of malaria placental
tissue has a similar profile to normal pregnancy, there
is  no  significant  difference,  especially  in  the  third
trimester.
On the  other  hand,  there  is  another  opposite  result
that Amu et.al [20] has conducted research to compare
the  expression of  placental  TGF-β in  cases  of  Intra-
Uterine Growth Restriction (IUGR) and non-IUGR. In
the IUGR group, there  was  a significant  increase in
mRNA  expression  of  placental  TGF-β compared  to
non-IUGR  group.  TGF-β also  controls  trophoblast
growth and has constant high level during pregnancy
and  IUGR  conditions  [21].  In  this  study,  although
there was no significant difference of placental TGF-β
between the  malaria-infected  group and non-infected
group, the level of placental TGF-β in both groups had
significant  negative  correlation  with  low  fetal  birth
weight.   This  occurrence  may be caused by TGF-β1
that  exerts  bi-functional  effects.  Pepper,  et.al  [22],
showed in vitro; it can both stimulate and inhibit the
proliferation  of  endothelial  cells.  In  addition,  small
doses  of  TGF-β stimulate  endothelial  proliferation,
while high doses of TGF-β inhibit it [22]. This result
also can be caused by the number of samples used that
might be too small. Another possibility might become
from the role of Interleukin-10 (IL-10) during malaria
infection. The IL-10 cytokine has a significant role as
an immune regulator of the infections caused by Plas-
modium [23]. High levels of IL-10 are associated with
inhibition of the proinflammatory response [24].  TGF-
β might be not as central immune regulator in malaria
infection.
 
Placental endoglin was increased in malaria infection
Placental  endoglin  expression  in  the  malaria-in-
fected group was higher than the non-infected group.
In  placental  tissue,  staining  results  showed  that  tro-
phoblast  cells  in  the  malaria-infected  group  showed
greater  expression of  endoglin compared to those of
the non-infected group and significantly different. The
increasing level of endoglin expression in the placental
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Figure 4.  A. Correlation between placental TGF-  β and fetal body weight (r = - 0.568; p = 0.017, Pearson Correlation Test) ,  B.  
Correlation between  expression of placental endoglin and fetal body weight (r = - 0.694; p = 0.002, Pearson Correlation 
Test).
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tissue signifies that the tissue is undergoing angiogene-
sis [25] and also can be caused by the accumulation of
infected erythrocytes, monocytes and fibrin deposition
in the intervillous space [26]. This condition causes de-
crease  of  placental  blood  flow  and  tissue  perfusion
[27]. 
Hypoxia is a potent stimulus to induce angiogenic
factors and induce the expression of endoglin. In vitro
study  showed  that  there  was  an  increasing  level  of
mRNA  of  endoglin  after  one-hour  exposure  to  hy-
poxia, and increasing endoglin protein level reached a
maximum at 16 hours after exposure to hypoxia [28].
In  vivo  study revealed  that  hypoxia  was  induced by
middle cerebral artery occlusion in rat’s model caused
increasing endoglin in the endothelium of blood vessels
in the ischemic brain areas [29]. Based on some rea-
sons above, the possibility of increased expression of
endoglin  in  placental  malaria  is  a  compensatory
mechanism of the placenta to increase the blood supply
to the fetus in case of hypoxia.
Endoglin  expression  and  the  level  of  TGF-β in-
crease in the placental tissue of malaria pregnant mice
although the level of TGF-β did not indicate significant
difference,  yet  interestingly  endoglin  expression  and
TGF-β level have moderate correlation with low fetal
weight.
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